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DESCRIPTION 
SURMOUNT AND SEMICONDUCTOR DEVICE 



Technical Field 

The present invention relates to a submount and semiconductor device 
that uses the same. More specifically, the present invention relates to a 
submount on which a semiconductor light-emitting element is mounted and a 
semiconductor device that uses this submount. In the present invention, a 
"semiconductor light-emitting element" refers to an element such as a laser 
diode or a Ught-emitting diode. 

Background Art 

Semiconductor devices equipped with semiconductor Ught-emitting 
elements are widely known. One of these types of semiconductor devices, 
15 shown in Fig. 4, is made by mounting a semiconductor light-emitting element 
in a submount 3. Fig. 4 is a simpHfied cross-section drawing illustrating how 
the conventional semiconductor device is made. The conventional method for 
making the semiconductor device will be described, with references to Fig. 4. 

As shown in Fig. 4, in the conventional method for making a 
20 semiconductor device 1, the submount 3 is prepared for mounting of a laser 
diode 2, which serves as the semiconductor light-emitting element. The 
submount is formed firom- a ceramic substrate 4; a layered film (Ti/Pt film 
layer 5) formed on this substrate fi-om a film containing titanium (TO and a 
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film containing platinum (Pt); a gold (Au) film 6 formed on the layered film 
and serving as an electrode layer; a barrier layer 107 formed on this film 
containing platinum (Pt); and a solder layer 108 formed on this barrier layer 
containing gold (Au) and tin (Sn). The layered Ti/Pt film, the Au film, the 
5 solder barrier layer, and the solder layer can be formed using conventional 
film-forming methods such as vaporization, sputtering, or plating and 
conventional patterning methods such as photoUthography or metal masking. 

After preparing the submount as shown in Fig. 4, the solder on the 
submount is heated and melted and the laser diode serving as the 

10 semiconductor light-emitting element is mounted on a predetermined position 
on the solder (a die bond step is performed). Then, a heat sink not shown in 
the figure is connected and secured to the back of the submount using solder or 
the like, resulting in the semiconductor device equipped with the 
semiconductor Hght-emitting element. 

15 In order to reduce thermal damage to the semiconductor light- emitting 

element during the semiconductor light-emitting element die -bonding step, the 
solder layer may be formed firom solder that has a melting point lower than 
that of the AuSn-based solder described above, e.g., lead (Pb) tin (Sn) based 
solder or silver (Ag) tin (Sn) based solder. If an AuSn-based solder is used, a 

20 lead-free product can be provided. 

There is currently a trend toward higher output in semiconductor Hght- 
emitting element to handle apphcations such as higher output in laser 
processing machines and higher write speeds in CD and DVD devices. The 
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semiconductor devices used in these require higher degrees of practical 
reliability. One requirement for this is a high bonding strength between the 
semiconductor light-emitting element and the submount. 

5 Disclosure of Invention 

The object of the present invention is to overcome the problems 
described above and to provide a submoimt capable of forming a high-strength 
bond with a semiconductor light-emitting element and a semiconductor device 
that uses this submoimt. 

10 A submount according to the present invention is equipped with a 

submount equipped with a submoimt substrate and a solder layer formed on a 
primary surface of the submount substrate. The density of the solder layer 
before melting is at least 50% and no more than 99.9% of the theoretical 
density of the material used in the solder layer. 

15 In this type of structure, since the density of the solder layer before 

melting is at least 50% and no more than 99.9% of the theoretical density of 
the material used in the solder layer, the solder layer density is high. As a 
resxilt, the bonding strength between the submount and the semiconductor 
light-emitting element mounted on the solder layer can be improved. If the 

20 density of the solder layer is less than 50% of the theoretical density, the 
reduced density of the solder layer prevents adequate improvement in the 
bonding strength. A density greater than 99.9% of the theoretical density is 
technically dif&cult. 
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Preferably, the solder layer contains at least one of the following list- 
gold-tin alloy; silver-tin alloy; and lead-tin alloy. More preferably, the solder 
layer has as its main component silver tin based solder. In this case, a lead- 
free technology can be provided and the bonding temperature for the 
5 semiconductor light-emitting element can be kept low, thus preventing heat- 
related damage to the semiconductor light-emitting element. 

Preferably, the solder layer before melting is formed on the submount 
substrate and includes a first layer having silver (Ag) as a main component 
and a second layer, formed on the first layer, having tin (Sn) as a main 
10 component. For example, an Ag film can be used for the first layer and an Sn 
film can be used for the second layer. 

Preferably, the submount further includes an electrode layer formed 
between the submount substrate and the solder layer. 

Preferably, the electrode layer contains gold. 
15 Preferably, the submount further includes a solder adhesion layer 

formed between the solder layer and the electrode layer. The solder adhesion 
layer contains* a noble metal layer disposed on the solder layer side and 
having as a main component at least one of the following list- gold (Au), 
platinum (Pt), palladium (Pd), and aUoys thereof! and a transition element 
20 layer disposed on the electrode layer side and having as a main component at 
least one of the following list- titanium (Ti); vanadium (V); chromium (Cr); 
zirconium (Zr); niobium (Nb); and alloys thereof. This makes it possible to 
further improve the bonding strength of the solder. 
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The transition element can be a layer having as its main component at 
least one of the following group- a group 4A element; a group 5A element; a 
group 6A element; or an aUoy thereof. Also, multiple layers with different 
compositions can be layered. 
5 In order to improve bonding strength and also for price considerations, 

it woxild be preferable for the transition element layer and the noble metal 
layer to have film thicknesses of more than 0 and no more than 1 micron. More 
preferably, the transition element would have a film thickness of at least 0.01 
micron and no more than 0.2 micron. The noble metal layer would have a film 
10 thickness of at least 0.01 micron and no more than 0.1 micron. 

Preferably, the submount further includes an adhesion layer and a 
diffusion barrier layer formed between the submount substrate and the solder 
layer. The adhesion layer is formed so as to be in contact with the primary 
surface of the submount substrate. The diffusion barrier layer is formed on the 
15 adhesion layer. 

Preferably, the adhesion layer contains titanium and the diffusion 
barrier layer contains platinum. 

Preferably, the submount substrate contains sintered aluminum nitride 
(AIN) or sintered alumina (AI2O3). More preferably, the submount substrate 
20 contains sintered alxmiinum nitride. In this case, since aluminimi nitride has 
high thermal conductivity, a submount with superior heat-dissipation 
properties can be provided. Also, the submount substrate can contain sintered 
silicon carbide (SiC), a copper tungsten alloy, or a composite body. 
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In the semiconductor device according to the present invention is 
equipped with a submount as described above and a semiconductor light- 
emitting element mounted on the solder layer of the submount. 

In this type of semiconductor device, the semiconductor light-emitting 
5 element can be bonded to the submount with a high bonding strength and the 
practical reliability of the semiconductor device can be improved. 

The above, and other objects, features and advantages of the present 
invention will become apparent from the following description read in 
conjunction with the accompanying drawings, in which Uke reference 
10 numerals designate the same elements. 



Brief Description of Drawings 

Fig. 1 is a simplified cross- section drawing showing a semiconductor 
device according to a first embodiment of the present invention. 
15 Fig. 2 is a simplified cross-section drawing showing a semiconductor 

device according to a second embodiment of the present invention. 

Fig. 3 is a simplified cross-section drawing illustrating how the 
semiconductor device shown in Fig. 2 is made. 

Fig. 4 is a simplified cross-section drawing illustrating how a 
20 conventional semiconductor device is made. 
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Best Mode for Carrying Out the Invention 
(First embodiment) 

An embodiment of the present invention will be described, with 
references to the figures. Elements that are identical or correspond to each 
5 other in these figures are assigned the same numerals and overlapping 
descriptions will be omitted. Fig. 1 shows a simplified cross-section drawing of 
a semiconductor device according to the first embodiment of the present 
invention. As shown in Fig. 1, the semiconductor device 1 is equipped with^ a 
submount 3; and a laser diode 2, serving as a semiconductor light-emitting 

10 element, mounted on the submount 3 via a solder layer 8. The solder layer 8 
has a density of at least 50% and no more than 99.9% of the theoretical density 
of the AuSn-based solder used in the solder layer 8. 

The submoimt 3 is formed by layering the following onto a substrate 4- a 
Ti/Pt layered film 5»* a gold (Au) film 65 a solder barrier layer 107; and a solder 

15 layer 8. The semiconductor device shown in Fig. 1 is made by first preparing 
the submount 3 onto which the laser diode 2 is to be mounted. The submount 
is formed fi*om: a ceramic substrate 4; a layered film (Ti/Pt layered film 5) 
formed on the substrate fi-om a film (adhesion layer) containing titanium (Ti) 
and a film (diffusion barrier) containing platinimi (Pt); a gold (Au) film 6 

20 formed on the layered film and serving as an electrode layer; a barrier layer 
107 formed on this film containing platinum (Pt); and a solder layer 8 formed 
on this barrier layer containing gold (Ag) and tin (Sn). The layered Ti/Pt film, 
the Au film, the solder barrier layer, and the solder layer can be formed using 
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conventional film-forming methods such as vaporization, sputtering, or plating 
and conventional patterning methods such as photoUthography or metal 
masking. 

Besides silver-tin solder, the solder layer 8 can alternatively be formed 
5 firom gold-tin or lead-tin solder. 

An example of a method for measuring the density of solder layer 8 is 
the X-ray reflectivity technique (GIXR) described in pages 11-16 of the Toray 
Research Center's "The TRC News", No. 59 (Apr. 1997). 

Once the submount shown in Fig. 1 has been prepared, the solder on the 
10 submount is heated and melted and the laser diode serving as the 
semiconductor light-emitting element is mounted to the predetermined 
position on the solder (a die-bond operation is performed). Then, the back side 
of the submount is connected and seciu-ed with solder or the like to a heat sink 
not shown in the figure, resulting in a semiconductor device equipped with a 
15 semiconductor light-emitting element. 

In this type of submount and semiconductor device according to the 
present invention, the bonding strength between the semiconductor Ught- 
emitting element and the submount is improved because the pre -melt solder 
layer has a density that is at least 50% and no more than 99.9% of the 
20 theoretical density. As a resvdt, the practical reliability of the semiconductor 
device can be further improved. 
(Second embodiment) 

Fig. 2 shows a simplified cross-section drawing of a semiconductor 
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device according to a second embodiment of the present invention. Fig. 3 is a 
simplified cross- section drawing for the purpose of describing how the 
semiconductor device shown in Fig. 2 is made, and shows the state before 
solder is melted. 

5 As shown in Fig. 2, the semiconductor device 1 is formed as a structure 

wherein a laser diode 2 serving as a semiconductor light-emitting element is 
mounted onto a submount 3. The submount is formed from- a submount 
substrate 4 formed fi-om a material such as sintered aluminum nitride (AIN); a 
layered film 5 (Ti/Pt layered film 5) formed from a titanium (TO film 5b 

10 serving as an adhesion layer and a platinimi (Pt) film 5a serving as a diffusion 
barrier layer; a gold (Au) film 6 formed on the Ti/Pt layered film 5 and serving 
as an electrode layer; and a solder adhesion layer 7 formed from a titanium 
(Ti) film 7b serving as a transition element layer and a platinum (Pt) film 7a 
serving as a noble metal layer; and a solder layer 8 formed on the solder 

15 adhesion layer and formed fi-om a silver tin (AgSn) based solder. 

As shown in Fig. 2 and Fig. 3, the laser diode and the submount are 
connected by a solder layer. The width of the laser diode, the width of the 
solder layer, and the width of the solder adhesion layer are roughly identical. 
Also, before and after the solder is melted, the width and the length of the 

20 solder layer can be greater than or less than the width and the length of the 
laser diode, and the width and the length of the solder adhesion layer can be 
greater than or less than the width and the length of the solder layer. 

In the semiconductor device shown in Fig. 2, the substrate in the 
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submount can be formed &om ceramics, semiconductor, or metal. Example of 
ceramics include ceramics with sintered aluminum nitride described above, 
aluminum oxide (AI2O3), silicon carbide (SiC), or silicon nitride (SiaNj as the 
main component. Examples of semiconductor include those with sihcon as the 
5 main component. Examples of metal include copper (Cu), tungsten (W), 
molybdenum (Mo), iron (Fe), alloys containing any of these, and composite 
materials such as copper tungsten (CuW). 

It would be preferable for the substrate to use a material having high 
thermal conductivity. The thermal conductivity would preferably be at least 

10 100 W/mK and would more preferably be at least 170 W/mK. Also, it would be 
preferable for the thermal expansion coefficient to approximate the thermal 
expansion coefficient of the material used in the laser diode. For example, if 
the laser diode is formed with gallium arsenide (GaAs) or indium phosphide 
(InP), the thermal expansion coefficient would preferably be no more than 10 x 

15 10"® and more preferably no more than 5 x 10*®. 

If ceramic is used in the substrate 4, a through-hole that connects the 
upper surface and the opposing lower surface or a via hole filled with a 
conductor (via fill) can be formed. The main component of the conductor fiUing 
the via hole (the via fill) would preferably be a high melting point metal, 

20 particularly tungsten (W) or molybdenum (Mo). A transition metal such as 
titanium (Ti) or a glass component or a substrate material (e.g., aluminum 
nitride (AIN) can also be added to this. 

The surface roughness of the substrate is preferably such that Ra is no 
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more than 1 micron and more preferably no more than 0.1 micron. If Ra 
exceeds 1 micron or the flatness exceeds 5 microns, a gap can be formed with 
the submount when the laser diode is bonded, leading to a reduction in the 
cooling of the laser diode. Surface roughness Ra and flatness are defined by 
5 JIS standards (JIS B0601 and JIS B0621 respectively). 

The Ti film (film containing titanium (Ti)) in the Ti/Pt layered film is an 
adhesion layer for increasing adhesion with the substrate and is formed so 
that it comes into contact with the upper surface of the substrate. The material 
used can be, for example, (Ti), vanadiiun (V), chromium (Cr), a nickel- 

10 chromium alloy (NiCr), zirconium (Zr), Niobium (Nb), Tantalum (Ta), and 
compounds thereof. Also, if the substrate is a metal, an alloy, or a composite 
material containing metal, the adhesion layer does not need to be present. 

The platinum (Pt) film in the Ti/Pt layered film is a diffusion barrier 
layer and is formed on the upper surface of the Ti film. The material used can 

15 be, for example, platinum (Pt), palladium (Pd), a nickebchromium aUoy (NiCr), 
nickel (Ni), molybdenum (Mo), or the like. Also, for the electrode layer, Au is 
generally used as the main component. 

The solder adhesion layer and the electrode layer can be interposed with 
a solder barrier layer. The material used can be, for example, platinum (Pt), a 

20 nickel- chromium alloy (NiCr), nickel (Ni), or the like. The width and the length 
of the barrier layer can be greater than or less than those of the solder 
adhesion layer. 

In addition to the silver tin (AgSn) based solder described above, the 
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material for the solder layer can be, for example- low melting point metals 
solder such as tin (Sn) or indium (In); alloy solder such as gold tin (AuSn) 
based solder, gold germanium (AuGe) based solder, lead tin (PbSn) based 
solder, or indium tin (InSn) based solder,* or combinations thereof. Also, before 
5 melting, the solder layer can be formed by layering the different types of 
metals of the alloy solders described above, as shown in elements 8a, 8b in Fig. 
3, for example. If silver tin (AgSn) based solder is used for the solder layer, it 
would be preferable for silver (Ag) to be at least 0 percent by mass and no more 
than 72 percent by mass. If gold tin (AuSn) based solder is used, it would be 
10 preferable for gold (Au) to be either at least 65 percent by mass and no more 
than 85 percent by mass or at least 5 percent by mass and no more than 20 
percent by mass. 

The Ti/Pt layered film, the Au film, the solder adhesion layer, the solder 
barrier layer, and the solder layer are referred to collectively as the metalhzed 

15 layer. Conventional film-forming methods can be used to form the metallized 
layer, e.g., thin film forming methods such as vaporization and sputtering, or 
plating methods. Examples of patterning methods for the Ti/Pt layered film, 
the Au film, the solder adhesion layer, and the solder layer include the lift-off 
method using photolithography, chemical etching, dry etching, and metal 

20 masking. 

It would be preferable for the thickness of the titanium (Ti) film in the 
Ti/Pt layered film to be at least 0.01 micron and no more than 1.0 micron, and 
the thickness of the platinum (Pt) film to be at least 0.01 micron and no more 
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than 1.5 micron. It would be preferable for the thickness of the Au film serving 
as the electrode film to be at least 0.1 micron and no more than 10 microns and 
the thickness of the solder layer to be at least 0.1 micron and no more than 10 
microns. If a barrier layer is to be formed, the thickness woxild preferably be at 
5 least 0.01 micron and no more than 1.5 micron. 

Examples of the material for the semiconductor Ught-emitting element 
include compoimd semiconductors such as GaAs-based, InP-based, and GaN- 
based semiconductors. In lower surface light emitting laser diodes (where the 
light-emitting section of the laser diode is formed at the surface of the laser 

10 diode facing the section where the laser diode is boned to the solder layer), 
light-emitting section, which is the section generating heat, is disposed close to 
the substrate, thus further improving the heat dissipation of the 
semiconductor device. 

On the surface of the laser diode is formed an insulative layer such as a 

15 siUcon dioxide film (Si02) and a metallized layer such as an electrode layer. In 
order to ensure adequate wetting with the solder layer, the thickness of the 
gold (Au) layer serving as the electrode layer would be preferably at least 0.1 
micron and no more than 10 microns. 

While not shown in the figure, a heat sink can be connected using solder 

20 to the semiconductor device shown in Fig. 2. More specifically, once the 
adhesion layer and the diffusion barrier layer and the like are formed on the 
surface of the substrate opposite firom where the Ti/Pt layered film is formed, a 
solder sheet (solder foil) can be, for example, interposed between the back side 
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of the substrate and the heat sink, and the heat sink can be bonded using this 
solder foil. The solder foil can also be formed on the metallized layer on the 
back side of the substrate ahead of time. In this case, it would be possible to 
bond the laser diode and the heat sink to the substrate at the same time. 

The material for the heat sink can be, for example, metal or ceramic. 
Examples of metals include copper (Cu), aluminum (Al), tungsten (W), 
molybdenum (Mo), iron (Fe), and alloys and composite materials containing 
any of these. In order to facihtate soldering, it would be preferable to form 
nickel (NO, gold (Au), or a film containing these metals on the surface of the 
heat sink. These films can be formed using vaporization or plating. The 
thermal conductivity of the heat sink would preferably be at least 100 W/mK. 

Next, using Fig. 3, the making of the semiconductor device shown in Fig. 
2 using sintered aluminum nitride as the substrate will be described. 

In the first process, the substrate is made. Since these types of 
submounts have lengths and widths that are very small, on the order of a few 
millimeters, a substrate parent material, e.g., with length and width of 
approximately 50 mm, is generally prepared, a metallized layer is formed on 
this, and the parent material is cut finely into a predetermined size. The 
following description will follow this method. Thus, in this step, the size of the 
parent substrate is, e.g., 50 mm wide, 50 mm long, and 0.4 mm thick. The 
sintered aluminum nitride serving as the material for the substrate can be 
made using standard methods. 

Next, in the second process, the surface of the substrate is abraded. The 
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surface roughness of the abraded substrate would preferably be no more than 
1.0 micron Ra and more preferably no more than 0,1 micron. The abrading can 
be performed with standard methods using, e.g., a disc grinder, a sand blaster, 
sandpaper, or abrasive particles. 

Next, as shown in Fig. 3, a resist pattern is formed in the third process 
to form predetermined patterns for the Ti film 5b serving as the adhesion layer, 
the Pt film 5a serving as the diffusion barrier layer, and the Au film 6 serving 
as the electrode layer. This resist patterning, e.g., using photolithography, 
forms resist films on the sections of the substrate outside of the regions where 
the respective films are to be formed. 

In the fourth process, the Ti film, serving as the adhesion layer, is 
vaporized. The film thickness can be, e.g., 0.1 micron. 

In the fifth process, a Pt film serving as the diffusion barrier layer is 
formed on the adhesion layer. The film thickness can be, e.g., 0.2 microns. 

In the sixth process, Au film serving as the electrode layer is vaporized. 
The film thickness can be, e.g., 0.6 microns. 

The seventh process is a lift-off process. In this process, a resist removal 
fluid is used to remove the resist film formed in the patterning performed in 
the third process along with the adhesion layer, the diffusion barrier layer, 
and the electrode layer on top of the resist film. As a result, three films having 
predetermined patterns are formed on the substrate. 

In the eighth process, the solder adhesion layer is vaporized. In this step, 
metal masking is used to vaporize the Ti film 7b serving as the transition 
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element layer on the electrode layer and then the Pt film 7a serving as the 
noble metal layer. The thicknesses of the Ti film and the Pt film formed in this 
manner can be, e.g., 0.08 microns and 0.05 microns respectively. 

Next, in the ninth process, vacuum vaporization is performed to form 
5 the solder layer 8 on the solder adhesion layer. Here, metal masking is used 
vaporize the Ag film 8 serving as the layered Ag/Sn solder layer onto the solder 
adhesion layer. Then, the Sn film 8a is vaporized. The thicknesses of the Ag 
film and the Sn film are, e.g., 1.5 microns and 3.0 microns respectively. 

In the process for forming the solder layer, it would be preferable to 

10 reduce gas impurities, e.g., water and oxygen, in the film-forming atmosphere 
by preferably using a chamber pressure before fiilm-formation (ultimate degree 
of vacuum) of no more than 5.0 x 10^ Pa, and more preferably no more than 
1.0 X 10"* Pa. Also, in order to improve adhesiveness of the solder layer to the 
solder adhesion layer, it would be preferable for the surface temperature of the 

15 substrate during formation of the solder layer to be at least 20 deg C and no 
more than a temperature 10 deg C below the liquid-phase temperature of the 
solder. 

In forming the solder layer 8, the density of the solder layer 8 must be at 
least 50% and no more than 99.9% of the theoretical density. One example of 
20 how to do this is to set the film-formation rate of the solder layer 8 to be at 
least 1.3 nm/sec. The principles behind the increase in density that takes place 
when the film-formation rate is increased are not clear. It is beUeved that in 
general, if the film-formation rate is low, the atoms that make up the solder 



17 

layer move to stable positions so that the atoms do not fill up the solder layer 
to maximum density, thus reducing the density of the solder layer. In contrast, 
with a high film-formation rate, the atoms that make up the solder layer are 
surrounded by other atoms before they are able to move to stable position so 
5 that they are prevented fi"om moving. As a result, the solder layer can be filled 
with atoms almost to maximum density, thus increasing solder layer density. 

As an alternative to the metal masking method described above, the 
solder layer and the solder adhesion layer with the predetermined patterns 
can be formed using photolithography, as described previously. 

10 Next, in the tenth process, the parent substrate is cut to the length and 

width of the desired submount to obtain the submount shown in Fig. 2. 

Next, in the eleventh process, the laser diode 2 serving as the 
semiconductor light-emitting element is bonded. More specifically, as shown in 
Fig. 3, the element is aligned as indicated by the arrow 9 on the solder layer 8 

15 that has been heated and made molten, thus bonding the element to the 
submount via the solder layer. This completes the semiconductor device 1 in 
Fig. 2. 

As in the solder layer 8 in the first embodiment, the solder layer 8 
according to the second embodiment described above has a density that is at 
20 least 50% and no more than 99.9% of the theoretical density of silver tin based 
solder. 

With the submount and semiconductor according to the present 
invention as described above, the solder layer before melting has a density 
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that is at least 50% and no more than 99.9% of the theoretical density, thus 
providing increased bonding strength between the semiconductor light- 
emitting element and the submount. As a result, the practical reliabiUty of the 
semiconductor device is improved. 

5 

Embodiment 

(Making and evaluating samples) 

Based on the method described above, submounts were made from 
sample 1 through sample 11 indicated in Table 1. Samples 2 through 11 
10 correspond to embodiments and sample 1 corresponds to a comparative 
example. 



Table 1 



Sample 
Number 


Substrate 


Solder Layer 


Laser diode 


Solder 
composition 
ratio (mass 
ratio) 


Solder film 

thickness 

(microns) 


Solder 
relative 

density 
(%) 


Solder 
film- 
formation 
rate 
(nm/s) 


Bonding 
temperature 


Die Shear 

strength 

(MPa) 


1 


Sintered 
AIN 


Ag:Sn=32:68 


1.5/4.0 

(layered Ag/Sn) 


42 


1 


250 


37 


2 


Sintered 
AIN 


Ag:Sn=32:68 


1.5/4.0 

(layered Ag/Sn) 


62 


1.5 


250 


47 


3 


Sintered 
AIN 


Ag:Sn=32:68 


1.5/4.0 

(layered Ag/Sn) 


99 


2 


250 


62 


4 


Sintered 
AIN 


Ag:Sn=32:68 


1.5/4.0 

(layered Ag/Sn) 


92 


5 


250 


51 


5 


Sintered 
AIN 


Ag:Sn=32:68 


1.5/4.0 

Qayered Ag/Sn) 


88 


9 


250 


50 


6 


Sintered 
SiC 


Ag:Sn=32:68 


1.5/4.0 

Qayered Ag/Sn) 


94 


2 


250 


49 


7 


Sintered 
AI2O3 


Ag:Sn=32:68 


1.5/4.0 

(layered Ag/Sn) 


95 


2 


250 


47 


8 


CuW 


Ag:Sn=32:68 


1.5/4.0 

(layered Ag/Sn) 


97 


2 


250 


48 


9 


Sintered 
AIN 


Ag:Sn=10:90 


3.5 (alloy) 


96 


2 


250 


49 


10 


Sintered 
AIN 


Au:Sn=80:20 


3.5 (aUoy) 


93 


2 


285 


47 


11 


Sintered 
AIN 


Au:Sn=10:90 


3.5 (alloy) 


94 


2 


230 


45 
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First, the substrates were prepared using the materials from Table 1. 
The dimensions were all 50 mm (1) x 50 mm (w) x 0.4 mm (thickness). The 
surfaces of the substrates were abraded so that the roughness Ra of the main 
surfaces 4f were 0.05 microns. Next, the lift off method using photolithography 
5 and vacuum vaporization were used to form a metaUized layer consisting of 
the Ti film 5b with 0.1 micron thickness, the Pt film 5a with 0.2 micron 
thickness, and the Au film 6 with 0.6 micron thickness. For sample 8, in place 
of this metallized layer, a metalhzed layer formed from a Ni plating film with 
1.0 micron thickness and an Au plating film with 1.0 micron thickness was 
10 prepared. 

Next, a transition element layer (Ti, 0.06 micron thickness) and a noble 
metal layer (Pt, 0.05 micron thickness) serving as the solder adhesion layer 7 
was formed on the metalhzed layer using metal masking and vacuum 
vaporization. 

15 Then, for all the samples, solder layers 8 were formed using metal 

masking and vacuum vaporization. The composition, film thickness, and film- 
formation rate of the solder layers were as shown in Table 1. In Table 1, the 
"solder composition ratio" refers to the mass ratio of the elements in the solder 
layer. The "solder relative density" refers to the density of the solder layer 

20 relative to the theoretical density of the material used in the solder layer. 

The substrates 4 were then cut to form ten submounts each of samples 1 
through 11, each submount being 1.2 mm (1) x 1.5 mm (w) x 0.3 mm (thickness). 
Then, for each sample, the solder layer was heated and melted in a nitrogen 
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atmosphere and the laser diode 2 was bonded. The bonding temperatures were 
as shown in Table 1. 

The bonding strength of the laser diodes to the submounts in the 
semiconductor devices 1 obtained in this manner (see Fig. l) were measured 
5 using a die shear strength test based on MIL STD-883C METHOD 2019.4, and 
the average bonding strengths for the ten samples in each sample number 
were determined. The results are shown in Table 1. 

The results in Table 1 indicate that relative to the comparative example, 
the submount and the semiconductor device according to the present invention 
10 provides improved bonding strength between the semiconductor Hght-emitting 
element and the submount. 

(Relationship between the film-formation rate and the solder layer) 

The film-formation rate of the solder layer was varied and the 
relationship between the film-formation rate and the solder layer was studied. 
15 As a result, it was found that the if the film-formation rate of the solder layer 
is at least 1.3 nm/sec, the solder layer would have a density of at least 50% and 
no more than 99.9% of the theoretical density of the material used in the 
solder layer. If the solder layer has a film-formation rate of at least 1.8 nm/sec 
and no more than 10 nm/sec, it was found that the spider layer would have a 
20 density of at least 80% and no more than 99.9% of the theoretical density of 
the material used in the solder layer. These ranges provided especially 
preferable bonding strengths. 

Having described preferred embodiments of the invention with reference 
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to the accompansdng drawings, it is to be understood that the invention is not 
limited to those precise embodiments, and that various changes and 
modifications may be effected therein by one skilled in the art without 
departing from the scope or spirit of the invention as defined in the appended 
claims. 



